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Exposure of the skin to ultraviolet (UV) light causes
DNA damage, inflammation, and impairment of local
as well as systemic immune responses. Dermal micro-
vascular endothelial cells are key elements for the
recruitment of inflammatory cells during the patho-
genesis of inflammatory skin diseases via the expression
of adhesion molecules and the release of cytokines.
Because UVB may directly affect the function of dermal
cells it was investigated whether UVB irradiation alters
the production of proinflammatory and chemotactic
cytokines by endothelial cells. UVB exposure of trans-
formed human microvascular endothelial cells (HMEC-
1) resulted in a dose dependently increased mRNA
expression as well as release of interleukin (IL)-1b, IL-
6, IL-8, and growth-regulated oncogene alpha (GROa).
Maximum cytokine production was observed 16–24 h
Repeated irradiation of the skin with ultraviolet (UV)light is known to result in local as well as systemicimmunosuppression and to cause skin cancer (Kripke,1990). Immunosuppression following UV irradiationhas been attributed to an impaired antigen presenting
function of Langerhans cells and to an increased release of immuno-
suppressive mediators such as transforming growth factor β, IL-1
receptor antagonist (IL-1RA), IL-10, or α-melanocyte stimulating
hormone (Aberer et al, 1982; Luger et al, 1997). On the other hand,
UV exposure has been demonstrated to induce the production of
proinflammatory cytokines in vivo as well as in vitro. Accordingly,
keratinocytes release increased amounts of IL-1, IL-6, IL-8, tumor
necrosis factor α (TNF-α), and granulocyte-macrophage colony-
stimulating factor upon UV irradiation that function as important
signals required for the initiation of local as well as systemic inflammation
following extensive exposure to UV light (Luger et al, 1997).
Microvascular endothelial cells express adhesion molecules necessary
for recruitment of inflammatory as well as immunocompetent cells.
They also release several proinflammatory cytokines and thereby play
a central role during the course of inflammation. Accordingly, the
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after irradiation when 7.5–12.5 mJ UVB per cm2 were
used. In addition, it was examined whether IL-10,
which is upregulated in keratinocytes following UVB
irradiation and accounts for UV mediated immuno-
suppression such as inhibition of contact hypersensi-
tivity, also affects endothelial cell cytokine production.
Treatment of HMEC-1 with IL-10 significantly enhanced
IL-6 and IL-8 release and further upregulated UVB-
induced IL-6 and IL-8 mRNA expression. These findings
demonstrate that UVB both directly and indirectly via
the release of IL-10 stimulates microvascular endothelial
cells to produce proinflammatory cytokines and chemo-
kines that are required for the migration and activation
of inflammatory cells in UV-mediated inflammatory
skin reactions. Key words: chemokine/inflammation/
immunosuppression. J Invest Dermatol 111:50–56, 1998
vascular endothelium has important functions in regulating the traffic
of bone-marrow derived leukocytes into the skin. The expression of
surface molecules on microvascular endothelial cells required for the
adherence and transmigration of inflammatory cells is regulated by
proinflammatory cytokines. These mediators are released by inflam-
matory cells and epidermal cells following injury such as UV irradiation
(Bevilacqua and Gimbrone, 1990; Swerlick et al, 1992; Luger et al,
1997). Moreover, UVB irradiation (290–320 nm) has also been reported
to directly modulate adhesion molecule expression on cultured human
dermal microvascular endothelial cells by selectively upregulating the
expression of intercellular adhesion molecule-1 (ICAM-1), but not E-
selectin or vascular cell adhesion molecule-1 (Cornelius et al, 1994).
Although endothelial cells are known to be important sources of
cytokines such as IL-1β, IL-6, IL-8, IL-15, granulocyte colony-
stimulating factor, macrophage colony-stimulating factor, and platelet-
derived growth factor after stimulation, little is known about their
capacity to produce cytokines after treatment with UV light (Seelentag
et al, 1985; Collins et al, 1987; Mohamadzadeh et al, 1996). Therefore,
we investigated whether human dermal microvascular endothelial
cells in vitro synthesize and release proinflammatory and chemotactic
cytokines upon treatment with UVB. In addition, the role of IL-10
on the UV-mediated cytokine production by dermal microvascular
endothelial cells was examined. IL-10 is produced by epidermal cells
such as keratinocytes upon UVB irradiation and exerts profound
immunosuppressive activities (Moore et al, 1993; Schwarz et al, 1994;
Enk et al, 1995). Our data provide the first evidence that dermal
microvascular endothelial cells produce increased amounts of proin-
flammatory and chemotactic cytokines following irradiation with UVB
VOL. 111, NO. 1 JULY 1998 EFFECT OF UV ON ENDOTHELIAL CELL CYTOKINES 51
and treatment with IL-10. These findings further support the important
role of endothelial cells during UV-mediated inflammation.
MATERIALS AND METHODS
Cell culture The transformed human dermal microvascular endothelial cell
line HMEC-1 was cultured and maintained in endothelial basal medial (SFM,
Life Technologies, Eggenstein, Germany) supplemented with 10% fetal bovine
serum w/o antibiotics in a humidified atmosphere at 37°C and 95% air/5%
CO2 as described (Ades et al, 1992). This cell line was used because it retains
a series of properties of human dermal microvascular endothelial cells including
cell adhesion molecule and cytokine production (Swerlick and Lawley, 1993).
UV treatment Endothelial cells (2 3 106) were grown in 10 cm Petri dishes
for 24 h to 80–90% confluency in culture medium as described above.
Subsequently, the cells were cultured for 15 h in medium containing 2% fetal
bovine serum. For UV irradiation the culture medium was replaced by
phosphate buffered saline (PBS) and cells were irradiated with a bank of four
FS20 fluorescent lamps (Westinghouse Electric, Pittsburgh, PA) that emit most
of their energy within the UVB range (290–320 nm) with an emission peak at
313 nm. The UV output measured at 310 nm using an IL 1700 research
radiometer was 8.0 W per m2 at a distance of 28 cm. After irradiation, PBS
was replaced by fresh media and cells were further incubated with or without
additional cytokines for the indicated time. Cell viability before and after
irradiation was . 95% as determined by trypan blue exclusion.
Cytokines and cytokine assays Recombinant human TNF-α was obtained
from Endogen (Boston, MA), and human IL-10 was purchased from Biomol
GmbH (Hamburg, Germany). Recombinant human IL-1β and natural human
IL-2 were obtained from Collaborative Research (Bedford, U.K.) and
Collaborative Biomedical Products (Bedford, U.K.), respectively. For the
detection of IL-1β, IL-6, growth regulated oncogene alpha (GROα), and
IL-8 enzyme-linked immunosorbant assays purchased from Laboserv (Gieβen,
Germany) were used.
To test the bioactivity of IL-1β a bioassay for IL-1 was performed by using
the murine T-lymphocyte line D10N4M (kindly provided by Dr. S.J. Hopkins,
University of Manchester, U.K.). Briefly, 1 3 105 D10N4M cells per ml were
cultured in RPMI 1640 supplemented with 5 3 10–5 M 2 Me, 10% fetal
bovine serum, 3 mg concanavalin A per ml, 1.5 u IL-2 per ml, and 5% of
P388 D1 conditioned medium. The assay was carried out in 96-well flat bottom
microtiter plates in a volume of 200 µl (RPMI 1640 supplemented with 1 u
IL-2 per ml and 6 mg concanavalin A per ml). Serial dilutions were performed
in triplicate, in comparison with a standard IL-1 preparation (1.5 pg per ml).
Cells were incubated for 72 h at 37°C, 5% CO2 and IL-1 activity was measured
by using a commercially available, nonradioactive assay (EZ4 U, Biomedica,
Vienna, Austria) (Winstanley, 1993).
For the detection of bioactive IL-6, the IL-6 dependent murine hybridoma
cell line B9 was used (Kirnbauer et al, 1989). Five 3 103 cells per well were
incubated in a 96-well flat-bottom plate with various dilutions of the samples
in triplicate at a final volume of 200 µl per well. After 96 h, the cells
were treated with 0.5 mg dimethylthiazoyl-2,2,5-diphenyltetrazolium bromide
(Sigma, St. Louis, MO) per ml. Four hours later, 100 µl isopropanol containing
0.04 N HCl were added per well and extinction was measured at 595 nm.
Measurements at 655 nm were used for reference (Mosmann, 1983). Ten
picograms human rIL-6 (British Biotechnology, Oxford) per ml served as an
internal standard.
Assay for H2O2 Release of H2O2 by UV-irradiated HMEC-1 was determined
as described (Pick and Keisari, 1980). Briefly, cells were sown in 35 mm Petri
dishes and irradiated in PBS as described above. Immediately after irradiation,
PBS was replaced by a solution containing 5.5 mM glucose, 0.28 mM phenol
red, and 8.5 U horseradish peroxidase per ml in 10 mM phosphate buffer
pH 7.0 and incubated 90 min at 37°C. Subsequently, optical density at
610 nm was determined at pH 12.5 in comparison with a blank solution.
Absolute contents of H2O2 were calculated using a calibration curve containing
0–60 µM H2O2.
RNA isolation Total RNA was isolated by the acid guanidinium thiocyanate-
phenol-chloroform method (Chomczynski and Sacchi, 1987). The RNA pellets
were washed with 80% ethanol, dried and dissolved in RNase-free (DEPC-
treated) water. To avoid DNA contamination, total RNA was treated with
10 U RNase-free DNase I (Boehringer, Mannheim, Germany) in a buffer
containing 1.5 mM MgCl2, 50 mM KCl, 10 mM Tris-HCl pH 8.3 for 1 h
at 37°C.
Semiquantitative reverse transcriptase polymerase chain reaction (RT-
PCR) One microgram RNA was subjected to reverse transcription using the
Promega Reverse Transcription System in a final volume of 20 µl containing
5 mM MgCl2, 1X RT-buffer [10 mM Tris-HCI (pH 8.8 at 25°C), 50 mM
KCI, 0.1% Triton X-100], 1 mM of each dNTP, 1 u rRNasin per µl, 15 u
Avian myeloblastosis virus reverse transcriptase, and 0.5 µg oligo (dT)15 primer.
Tubes were incubated for 60 min at 42°C followed by a 5 min inactivation of
the AMV reverse transcriptase at 95°C, chilled on ice, and diluted to a final
volume of 100 µl w/DEPC-H2O.
PCR conditions allowing reliable comparison of IL-1β, IL-6, and IL-8
expression with β-actin mRNA expression in different samples were established
by making serial dilutions of template cDNA at constant cycle numbers for
each primer pair to verify the linearity of PCR amplification. Subsequently,
cDNA mixtures were diluted to obtain equal amounts of PCR product specific
for amplified β-actin and subjected to amplification of IL-1β, IL-6, or IL-8
specific PCR products using the oligonucleotide primer pairs listed below. For
PCR amplification, 50 µl reactions containing appropriate volumes of diluted
cDNA-reaction mix, 200 µM dNTP (each), 20–50 pM of each primer, and
the standard buffer supplemented with Taq Polymerase (2.5 u per reaction,
Promega, Mannheim, Germany) and 1.5–2.0 mM MgCl2 were used. Nucleotide
sequences for PCR primers (Clontech, LaJolla, CA) and amplification programs
were as follows: β-actin sense primer 59-CACCTTCTACAATGAGCTGC-
39; anti-sense primer 59-TTCATGAGGTAGTCCGTCAG-39; amplification-
program: one cycle of 94°C for 10 min, 58°C for 2 min, 72°C for 1 min
followed by 33 cycles of 94°C for 45 s, 58°C for 45 s, 72°C for 1 min, and a
final cycle of 94°C for 45 s, 58°C for 45 s, and 72°C for 10 min. IL-6 sense
primer 59-ATGAACTCCTTCTCCACAAGCGC-39, anti-sense primer 59-
GAAGAGCCCTCAGGCTGGACTG-39, amplification-program: one cycle
of 94°C for 10 min, 57°C for 45 s, 72°C for 2 min, followed by 33 cycles of
94°C for 45 s, 57°C for 45 s, 72°C for 2 min, and a final cycle of 94°C
for 45 s, 57°C for 45 s, and 72°C for 7 min. IL-8 sense primer 59-
ACGAATTCCTAGGACAAGAGCCAGGAAG-39, anti-sense primer 59-
GTGAATTCAGTGTGGTCCACTCTCAATC-39, amplification-program:
one cycle of 94°C for 10 min, 55°C for 35 s, 72°C for 45 s, followed by 33
cycles of 94°C for 45 s, 55°C for 35 s, 72°C for 45 s, and a final cycle of 94°C
for 45 s, 55°C for 35 s, and 72°C for 10 min. GROα sense primer 59-
GAAGAGGAAAGAGAGACACAGC-39, anti-sense primer 59-TAAGCCCC-
TTTGTTCTAAAGCC-39, amplification program: one cycle of 94°C for
10 min, 58°C for 1 min, 72°C for 1 min, 33 cycles of 94°C for 1 min, 58°C
for 1 min, 72°C for 1 min, one cycle of 94°C for 1 min, 58°C for 1 min, 72°C
for 10 min. IL-1α sense primer 59-ATGGCAGAAGTACCTAAGCTCGC-39,
anti-sense primer 59-ACACAAATTGCATGGTGAAGTCAGTT-39, ampli-
fication program: one cycle of 94°C for 10 min, 55°C for 45 s, 72°C for 2 min
followed by 38 cycles of 94°C for 45 s, 55°C for 45 s, 72°C for 2 min and a
final cycle of 94°C for 45 s, 55°C for 45 s, and 72°C for 10 min.
Aliquots of reaction products were run on 1.5% agarose gels and analyzed
either by product size compared with a coamplified control template or by
cutting of the isolated fragment with specific restriction enzymes.
Statistical significance The Student test was used to calculate the statistical
significance.
RESULTS
UVB upregulates the release of IL-1, IL-6, IL-8, and GROa in
HMEC-1 To investigate whether the production of cytokines by
human dermal microvascular endothelial cells is altered upon UVB
treatment, cells were left untreated or irradiated with varying doses of
UVB and supernatants were harvested at different time points.
Untreated HMEC-1 released only low levels of IL-1, whereas following
UVB irradiation a significant dose-dependent upregulation of IL-1
production was observed. Maximum IL-1 release was obtained when
cells were irradiated in the range of 7.5–15 mJ UVB per cm2 (Fig 1a).
To study the kinetics of IL-1 release by HMEC-1 time course
experiments using 12.5 mJ UVB per cm2 were performed. IL-1
production was significantly upregulated 3 h after UV treatment and
peaked 24 h and 48 h post-UV (Fig 2a). When the effect of
UVB light on IL-6, IL-8, and GROα production by HMEC-1 was
investigated, a similar dose- and time-dependent upregulation was
observed (Figs 1b, c, 2b–d). In comparison with IL-1 the UVB-
mediated upregulation of IL-6, IL-8, and GROα in HMEC-1 was
delayed and detectable at a significant level, 6–16 h as well as up to
48 h after treatment with UVB suggesting an autocrine enhancement
of the production of IL-6, IL-8, and GROα by IL-1 (Fig 2b–d). In
order to test this assumption, HMEC-1 following UVB irradiation
were incubated in the presence of antibodies directed against IL-1;
however, the treatment with anti-IL-1 did not significantly reduce the
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Figure 1. The upregulation of IL-1, IL-6, and IL-8 production by
HMEC-1 by UVB is dose dependent. Cells were irradiated with UVB light
(0–25 mJ per cm2), supernatants were harvested after 24 h and analyzed for
IL-1 (a), IL-6 (b), or IL-8 (c) as described. Results are expressed as mean 6 SE
of three individual experiments. Significance in comparison with the unirradiated
control: ***p , 0.01, **p , 0.025, *p , 0.05.
release of IL-6 or IL-8 and was not able to alter the usually observed
bell-shaped dose–response curve (data not shown).
UVB induces the production of H2O2 in HMEC-1 Previous
studies indicate that the induction of genes in cells upon irradiation is
due to intracellular changes in the redox status (Masaki et al, 1995).
To further investigate whether this pathway is involved, the amount
of H2O2 produced by UVB-treated HMEC-1 was measured as an
example of reactive oxygen intermediates. In comparison with untreated
cells the relative amounts of H2O2 in supernatants of UVB irradiated
HMEC-1 were significantly increased. The upregulation was dose
dependent and maximum levels of H2O2 were released when cells
were irradiated with 15–20 mJ UVB per cm2 (Fig 3).
UVB upregulates IL-1b, IL-6, and IL-8 mRNA expression in
HMEC-1 The delayed release of IL-1 and in particular of IL-6, IL-
8, and GROα after irradiation with UVB suggests that the production
of these cytokines may depend on de novo synthesis of corresponding
Figure 2. The upregulation of UVB mediated cytokine production by
HMEC-1 is time dependent. Cells were irradiated with UVB (12.5 mJ per
cm2) and supernatants were analyzed 1, 3, 6, 16, 24, and 48 h after UVB
treatment for IL-1 (a), IL-6 (b), IL-8 (c), and GROα (d). Results are expressed
as mean 6 SE of three individual experiments. Significance in comparison with
the controls: ***p , 0.01, **p , 0.025, *p , 0.05.
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Figure 3. UVB induces the release of H2O2 by HMEC-1. Cells were
irradiated with UVB (0–30 mJ per cm2) and after 90 min supernatants were
analyzed for H2O2. Results are expressed as mean 6 SE of three individual
experiments. Significance in comparison with the unirradiated control (100%):
*p , 0.05, **p , 0.025.
Figure 4. UVB upregulates cytokine mRNA expression in HMEC-1.
HMEC-1 (2 3 106 cells) were irradiated with UVB (0–25 mJ per cm2), left
untreated (control), or treated with TNF-α (10 ng per ml). Total RNA was
isolated 3 h after stimulation and tested for IL-1β (a), IL-6 (b), or IL-8 (c), and
β-actin mRNA expression by RT-PCR using appropriate primer pairs.
mRNA. Total mRNA was isolated 3 h after UVB irradiation and
semiquantitative RT-PCR using specific primer pairs was performed.
A significant upregulation of mRNA expression specific for IL-1β, IL-
6, and IL-8 was observed when HMEC-1 were treated with different
doses of UVB. Maximum production was observed when the cells
were irradiated with 7.5 mJ UVB per cm2 (Fig 4a–c). Time course
studies of IL-1β, IL-6, and IL-8 mRNA expression in UVB-irradiated
Figure 5. The upregulation of UVB-induced IL-1b, IL-6, and IL-8
mRNA expression by HMEC-1 is time dependent. Cells (2 3 106) were
irradiated with UVB (12.5 mJ) and total RNA was isolated and tested for IL-
1β (a), IL-6 (b), or IL-8 (c), and β-actin expression by RT-PCR using specific
primer pairs.
HMEC-1 revealed a biphasic induction profile. Although the temporal
induction patterns are slightly different in detail, the mRNA expression
of the three cytokines tested peaked 1–3 h and 24–48 h post-irradiation,
suggesting that UVB affects the expression of cytokine mRNA
expression in a direct as well as in an indirect manner (Fig 5a–c). A
similar dose- and time-dependent induction pattern could be observed
for GROα (data not shown).
IL-10 upregulates the UVB mediated IL-8 production in
HMEC-1 There is evidence that the cytokine synthesis inhibitor
IL-10 modulates the production of proinflammatory cytokines in
endothelial cells (Sironi et al, 1993; Chen and Manning, 1996).
Therefore, effects of IL-10 on the production of IL-1β, IL-6, and
IL-8 in UVB-irradiated or untreated HMEC-1 were examined. The
cells were treated with different amounts of IL-10 and/or UVB and
supernatants were harvested after 24 h. IL-10 upregulated the produc-
tion of IL-6 and IL-8 in a dose-dependent manner (Fig 6), whereas
the release of IL-1 was not altered (data not shown). Moreover, IL-
10 was capable of further enhancing the UVB-mediated IL-8 produc-
tion by HMEC-1. Maximum IL-8 release was observed when cells
were treated with a combination of 10 ng IL-10 per ml and 7.5 mJ
UVB per cm2 (Fig 7). RT-PCR analysis confirmed these data at the
mRNA level, demonstrating that in comparison with untreated
HMEC-1 a significant upregulation of IL-8 mRNA expression was
detectable when the cells were treated with IL-10 alone (Fig 8). The
combination of IL-10 and UVB (5–25 mJ per cm2) resulted in a
further upregulation of IL-8 mRNA expression (Fig 8). Similar data
were obtained when IL-10 and UVB treated HMEC-1 were tested
for IL-6 production (data not shown).
DISCUSSION
There is evidence from several studies that UVB modulates the
production of cytokines and the expression of adhesion molecules by
epidermal cells. These alterations following UV irradiation play a
crucial role in the pathogenesis of UV mediated local as well as
systemic inflammatory reactions (Luger and Schwarz, 1995; Trefzer
and Krutmann, 1995). Based on transmission data of ex vivo irradiated
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Figure 6. IL-10 upregulates the production of IL-6 and IL-8 by HMEC-
1 in a concentration-dependent manner. Cells (2 3 106) were incubated
for 24 h in the presence of 0, 5, 10, or 20 ng IL-10 per ml and supernatants
were analyzed for IL-6 and IL-8. Results are expressed as mean 6 SE of three
different experiments.
Figure 7. IL-10 further enhances the UVB mediated IL-8 release in
HMEC-1. Cells (2 3 106) were incubated in the presence of IL-10 (10 ng
per ml) and irradiated with UVB (0–25 mJ per cm2). Supernatants were
harvested after 24 h and analyzed for IL-8. Results are expressed as mean 6 SE
of three individual experiments. Significance in comparison with the controls:
***p , 0.01, **p , 0.025, *p , 0.05.
Figure 8. IL-10 upregulates the UVB mediated IL-8 mRNA expression
in HMEC-1. HMEC-1 (2 3 106) were treated with IL-10 (10 ng per ml)
and/or UVB (0–25 mJ per cm2) or left unirradiated (control). Total RNA was
isolated and tested for IL-8 mRNA expression by RT-PCR using specific
primer pairs.
human epidermis, only 10% of UVB seems to be able to penetrate to
the dermis and to reach cutaneous vessels. Therefore, epidermal cells
were regarded as the primary target for UVB irradiation; however,
there is recent evidence that UVB in the range between 0.5 and 3
minimal erythema doses significantly damages basal keratinocytes as
demonstrated by thymidine dimer formation.1 It seems likely that a
significant amount of UVB reaches the upper dermis and directly alters
the function of vessel cells in the dermal papillae. Moreover, it has
been reported that UVB directly alters cytokine production and
adhesion molecule expression of dermal vascular endothelial cells
(Cornelius et al, 1994; Mohamadzadeh et al, 1996). In this study, we
have shown that UVB in a time- and dose-dependent fashion is capable
of upregulating the mRNA expression and release of the cytokines
IL-1β, IL-6, IL-8, and GROα by human dermal vascular endothelial
cells (HMEC-1). A significant induction of cytokine synthesis and
release was observed at physiologically relevant dosages of 7.5–12.5 mJ
per cm2 that are equivalent to 2–4 minimal erythema doses for skin
types II–III.
At the protein level, HMEC-1 exhibit a low basal secretion of all
four cytokines investigated, which was upregulated upon UVB exposure
as early as 3–6 h in the case of IL-1β or slightly delayed after 6–16 h
in the case of IL-6, IL-8, and GROα. The increase in control levels
of cytokines over time reflects a common phenomenon, due to a
constitutive production and subsequent accumulation in cell culture
supernatants (Sironi et al, 1993; Chen and Manning, 1996; Hartmeyer
et al, 1997). Because IL-1 is known to induce IL-6, IL-8, and GROα
in endothelial cells (Hettmannsperger et al, 1992; Introna et al, 1993),
one could assume that an autocrine induction involving IL-1 is
responsible for a subsequent release of these cytokines; however, IL-1
may not be the only signal responsible for stimulating IL-6, IL-8, or
GROα production because blocking IL-1β antibodies were able to
partially inhibit the UVB mediated induction of these cytokines. In
addition, the pretranslational upregulation of IL-1β, IL-6, and IL-8 as
soon as 1 h after UVB treatment favors a direct effect of UVB on
HMEC-1, indicating that all four cytokine genes seem to be part of
the immediate-early response of HMEC-1 to UV irradiation. Whereas
IL-6 mRNA accumulation in HMEC-1 was increased 1 h and again
24 h after UVB treatment and decreased 48 h post-UVB, the biphasic
effect of UVB on IL-1β, IL-8, and GROα mRNA expression revealed
an initial induction 1–3 h after irradiation, followed by a decline to
control level at 6 h and a subsequent induction at 24 and 48 h. An
early induction of IL-1β or IL-6 has also been observed in other
in vitro systems under different stimulatory conditions including ionizing
radiation or hormone stimulation (Ishihara et al, 1995; Greenfield et al,
1996). A similar biphasic modulation of TNF-α-induced keratinocyte
ICAM-1 expression and of keratinocyte TNF-RI expression as well
as melanocyte ICAM-1 expression has been reported upon treatment
with the same doses of UVB (Kirnbauer et al, 1992; Trefzer et al,
1993). At present the molecular mechanisms of UVB-mediated cytokine
induction in HMEC-1 are not completely understood.
Alterations induced by UVB light have been attributed to either
DNA damage such as formation of pyridine dimers and double-strand
breaks or changes in intracellular redox status resulting in production
of reactive oxygen intermediates, which can subsequently activate the
transcription factor nuclear factor κB (Sutherland et al, 1992; Anderson
et al, 1994; Masaki et al, 1995; O’Connor et al, 1996; Nishigori et al,
1996). The transcriptional activation of all four cytokines investigated
in this study is similar in that it requires the nuclear factor κB element
in the 59-promotor region of the corresponding genes (Wood and
Richmond, 1995; Munoz et al, 1996; Yoza et al, 1996). Additionally,
it has been demonstrated for Hep-G2 cells and human skin fibroblasts
that IL-8 gene expression is induceable by direct exposure to H2O2
(DeForge et al, 1993). Because there is evidence that HMEC-1 release
reactive oxygen intermediates (H2O2) upon treatment with UVB, a
mechanism involving reactive oxygen intermediates and nuclear factor
1Young AR, Chadewick CA, Harrison GI, Ramsden J, Potten CS: Thymidine
dimer action spectra in different human epidermal layers and their relationship
with erythema action. Photochem Photobiol 65: 82S–83S, 1997 (abstr.)
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κB activation could at least in part explain the cytokine induction in
HMEC-1.
The cytokine synthesis inhibitor IL-10 has been shown to be
produced by keratinocytes upon appropriate stimulation including
UVB irradiation (Grewe et al, 1995; Enk et al, 1995). There is also
evidence that IL-10 derived from keratinocytes appears to be crucially
involved in UVB-mediated immunosuppression and induction of
hapten-specific tolerance (Enk et al, 1994; Schwarz et al, 1994; Niizeki
and Streilein, 1997). In human dermal microvascular endothelial cells
IL-10 was found to upregulate the expression of adhesion molecules
such as ICAM-1 and ELAM-1 (Vora et al, 1996).2 In this study we
were able to demonstrate another proinflammatory effect of IL-
10. Accordingly, treatment of HMEC-1 with IL-10 resulted in an
upregulation of IL-6 and IL-8 release as well as mRNA expression.
Moreover, this effect of IL-10 was further enhanced when HMEC-1
were treated with UVB. These findings are in accordance with a
previous study showing that IL-10 upregulates the expression of IL-6
in the mouse endothelioma cell line tEND and human umbilical vein
endothelial cells (Sironi et al, 1993; Wogensen et al, 1993). In contrast,
the TNF-α-, IL-1β-, or LPS-induced production of IL-6 and IL-8
was inhibited, but not completely abolished, upon pretreatment of
human umbilical vein endothelial cells with IL-10 (Chen and Manning,
1996). Although the reasons for these opposing findings are not
clear, there is some evidence that the occurrence of upregulation or
downregulation may be time dependent.
When the modulation of TNF-α-dependent expression of mem-
brane (m) and soluble (s) ICAM-1 on human dermal microvascular
endothelial cells by IL-10 was examined, costimulation of human
dermal microvascular endothelial cells with TNF-α and IL-10 resulted
in an increased expression of mICAM up to 16 h after stimulation in
comparison with cells stimulated with TNF-α alone. None the less,
40 h after TNF-α and IL-10 treatment, IL-10 clearly antagonized
TNF-α-induced mICAM expression. In contrast, shedding of sICAM
was enhanced 24–40 h after costimulation with TNF-α and IL-10
compared with TNF-α alone, but only weakly affected up to 16 h
(Scholzen et al, unpublished observations).2 These data implicate a
putative time-dependent role for IL-10 as a modulator not only for
endothelial cell cytokine, but also for adhesion molecule expression.
In summary, this report provides the first evidence of endothelial
cells being able to release proinflammatory and chemotactic cytokines
after irradiation with UV light. This observation may be of particular
biologic relevance because endothelial cells are key elements in
regulating the traffic of circulating leukocytes into the skin. The release
of the closely related C-X-C subfamily chemokines IL-8 and GROα
by endothelial cells following UV irradiation may account for the
accumulation of neutrophils and T lymphocytes at the site of irradiation.
IL-1 in an autocrine manner upregulates endothelial cell adhesion
molecule expression and thereby contributes to transmigration of
leukocytes into the extravascular tissue. Additionally, proinflammatory
cytokines such as IL-1 and IL-6 released by endothelial cells upon UV
irradiation may enter the circulation and mediate systemic sunburn
reactions via their pyrogenic as well as acute phase-inducing effects.
IL-10, however, may have a dual function by further promoting an
inflammatory reaction in concert with proinflammatory cytokines such
as TNF-α or IL-1 during early stages of inflammation, while in the
later phases acting as one of the signals required to control and
downregulate the inflammatory response.
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